Value of artificial ponds for aquatic beetle and bug conservation in the Cape Floristic Region biodiversity hotspot by Apinda Legnouo, E.A. et al.
Value of artificial ponds for aquatic beetle and bug conservation in
the Cape Floristic Region biodiversity hotspot
EMILIE A. APINDA LEGNOUOa, MICHAEL J. SAMWAYSa and JOHN P. SIMAIKAa,b,*
aDepartment of Conservation Ecology and Entomology and Centre for Invasion Biology, University of Stellenbosch,Matieland, South Africa
bDepartment of River Ecology and Conservation, Biodiversity and Climate Research Centre and Senckenberg Research Institute and
Natural History Museum Frankfurt, Gelnhausen, Germany
ABSTRACT
1. Freshwater insect species and their host ecosystems are widely threatened. This is particularly so within the
agricultural and urban landscapes of Mediterranean-type ecosystems, including those of the Cape Floristic Region
(CFR), South Africa. The value of 18 artificial ponds in the CFR was determined for aquatic beetle and bug
abundance and species richness, a topic that has been little explored in Africa in general.
2. In total, 17 814 aquatic beetle and bug individuals were sampled, from 94 taxa, representing 37 genera and
57 species. Bugs were much more abundant than beetles, representing 82% of all the individuals collected. The
beetle and bug fauna showed high levels of endemism, with 36% restricted to the Western Cape Province.
3. Five distinct groupings based on species abundances were identified, revealing overall high dissimilarities
between groups, ranging from 65% to 82%.
4. The associated physico-chemical characteristics of these sites were also investigated. The most important
characteristics structuring pond communities were elevation, temperature, pH, pond size and flow regime. For
bugs alone, the same variables, except elevation, were important. For beetles, only three variables were found to
be most important in explaining community structure: elevation, pH, and flow regime.
5. Artificial ponds in the CFR increase the area of occupancy of these insects, and therefore play a major role in
conserving them.
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INTRODUCTION
Fresh water makes up only about 0.01% of the
world’s water (and about 0.8% of the Earth’s
surface), while a disproportionately large percentage
of species (about 8%) occur in these systems
(Naiman et al., 2006). Yet, of the world’s
ecosystems, fresh water is under most pressure, and
the threats to freshwater biodiversity are
particularly severe (Dudgeon et al., 2006). Evidence
is accumulating that more than 20% of freshwater
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species are currently threatened or extinct, with
indications from North America that extinction
rates are four to five times higher than in terrestrial
systems (Ricciardi and Rasmussen, 1999).
The Cape Floristic Region (CFR), South Africa,
is considered a global biodiversity hotspot
(Mittermeier et al., 2004). Indeed, Wishart and
Day (2002) found that for a subset of the South
African freshwater invertebrate fauna, species
richness tends to be concentrated in the north east
of the country, while endemism is highest and
concentrated in the south-western Cape Floristic
Region (CFR). Yet, still relatively little is known
of the invertebrates, especially those associated
with standing water. Such water bodies include
ponds, which are areas of water between 1m2 and
2 ha and hold water for at least 4months of the
year (Pond Conservation Group, 1993). Whether
the ponds are natural or artificially created
(reservoirs), they are all an important habitat for a
wide variety of organisms (Bronmark and
Hansson, 1998; Jeffries, 2005; Oertli et al., 2005a;
De Roeck et al., 2007).
Human activities around ponds can impoverish
their biota and disturb their ecological processes,
leading to the loss of their natural value. This has
led to ponds receiving attention for conservation,
as they can support important assemblages of rare
and threatened freshwater species (Collinson et al.,
1995; Williams et al., 2003), and they can
contribute to reducing risks of extinction by
increasing the area of occupancy (Samways, 2005).
Ponds have been recognized as important
habitats for aquatic biodiversity (Oertli et al.,
2005b) and there has been increasing research on
their biota, including insects (Gee et al., 1997;
Briers and Biggs, 2003; Angélibert et al., 2004). In
South Africa, Turner (2007a, b) worked on the
water beetles of Table Mountain, and Mlambo
et al. (2011) on aquatic macroinvertebrates in
temporary wetlands of the south-western Cape.
No other studies have focused on the lentic insect
fauna of the Cape Floristic Region, despite the
area’s global significance for its biodiversity and in
spite of its scarce water resources. Thus, little is
known of the aquatic beetle and bug fauna in
Western Cape ponds and their conservation. Yet,
aquatic beetles and bugs occupy a wide range of
aquatic habitats, inhabiting puddles up to large lakes
and swamps, to irrigation ditches and reservoirs. In
addition, these insects are present throughout the
year, sometimes in large numbers (Abellán et al.,
2005). Their characteristics facilitate the study of
aquatic beetle and bug pond communities.
The aim was to undertake a study of the aquatic
beetles and bugs of the Cape Floristic Region to
assess conservation needs. All species were related
to particular biotopes to determine which
environmental variables were significant for them.
This would address the question of whether rare
and threatened aquatic beetles and bugs, as well as
common ones, could exploit artificial ponds and to
what extent these ponds have conservation value
in an area where relatively undisturbed natural
ponds are scarce.
METHODS
Study sites and environmental variables
Eighteen artificial ponds (irrigation reservoirs and
attenuation ponds) around Stellenbosch and
Somerset West, Western Cape Province, were
selected to encompass a variety of microhabitats
(Figure 1, Table 1).
The ponds were selected along a gradient of
permanency and flow regime. The area, permanency,
riparian vegetation, flow regime, elevation,
temperature, conductivity, dissolved oxygen, and
pH were recorded at each pond. The physico-
chemical data were obtained using a YS1556
Multi Probe System water analyser at a depth of
0.6m between 11 h00 and 14 h00. Three variables
– permanency, riparian vegetation and flow
regime – were recorded as categorical variables.
Permanency was categorized as: (1) temporary
pool, (2) pool becomes stagnant in summer, (3)
water level drops more than 20 cm, and (4) water
level fluctuates by no more than 20 cm. At all sites
at least 50% of the banks were vegetated.
Riparian vegetation cover (i.e. percentage of
vegetated perimeter) was therefore defined as (1)
50%<X< 60%, (2) 60%<X< 75%, and (3)
X> 75%. Ponds had variable flow, as some were
connected to streams, and were thus categorized
along a lentic/lotic spectrum of their flow
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regime: (1) pond with minimal inflow and/or
outflow; (2) pond with an inflow and outflow
which was partial or not perennial; and (3)
pond with continuously fluctuating but perennial
inflow and outflow. The main characteristics of
the ponds are given in Tables 2 and 3. All
ponds contained fish. Pond samplings were
repeated eight times (i.e. eight sampling periods)
at equally spaced intervals between September
2005 and September 2006.
Insect sampling
At each site, six quadrats were established (5m×2m)
along the water’s edge. These were representative of
the vegetation that was characteristic of each pond.
Each quadrat included a 5m length of bank and 2m
into the water, which in most cases included the
edge of the aquatic plant bank. The most efficient
technique for sampling aquatic invertebrates in
ponds is aquatic-net sweeping for a fixed time period
Figure 1. Location map of the 18 sampling sites (S1–S18) in the Cape Floristic Region (shaded polygon in insert), South Africa. Black lines in main
map represent the network of main roads.
Table 1. Name, description and location of pond sites used in this study. Abbreviations: Lon: Longitude, Lat: Latitude
Site number and name Brief description Lon Lat
S1. Kleinplaas dam Dam in nature reserve, surrounded by alien oak and fynbos 18.94366 33.97639
S2. 1st Protea Hotel pond Open pond 18.83381 33.96508
S3. 2nd Protea Hotel pond Open pond 18.83376 33.96499
S4. 1st Vergelegen pond Surrounded by alien pine trees and indigenous plants 18.93749 34.08979
S5. 2nd Vergelegen pond Surrounded by alien pine trees and indigenous plants 18.93332 34.08879
S6. Somerset Mall pond Connected to a stream 18.81807 34.08224
S7. Middelvlei pond Open farm pond, surrounded by grasses in vineyard 18.83162 33.93029
S8. 3rd Vergelegen pond Connected to river 18.89125 34.07397
S9. 4th Vergelegen pond Connected to river via another pond (12) 18.89153 34.07361
S10. 1st Nietvoorbij pond Surrounded by indigenous bushes and alien trees 18.86647 33.91192
S11. 2nd Nietvoorbij pond Surrounded by alien trees and indigenous plants 18.86359 33.91662
S12. Meerlust farm pond Surrounded by trees; surrounded by roads 18.74151 34.02281
S13. 1st Meerlust pond Surrounded by indigenous trees 18.74652 34.01832
S14. 2nd Meerlust pond Surrounded by indigenous and alien plants 18.74692 34.01554
S15. Fleurbaix pond Surrounded by indigenous plants 18.83168 33.95662
S16. Libertas pond Surrounded by indigenous plants 18.84481 33.94948
S17. Golf course pond Surrounded by indigenous and alien plants 18.84281 33.96731
S18. Somerset West pond Surrounded by indigenous and alien plants 18.82748 34.06120
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(Turner, 2007b). Each quadrat (sampling unit) was
sampled for a total of 45min. The 45min sampling
time unit was chosen because preliminary sampling
indicated that this was the time needed to reach an
asymptote of sampling unit species richness. One
sampling period for all the 18 sites together at one
time was carried out over 5 days from 10h00 to
15h00.
Sampling was from the bank and no deeper than
1m, where preliminary sampling showed most of
the species to be (Samways et al., 1996). Aquatic
beetles and bugs were collected using a 950μm
mesh sweep net on a stout 40 cm square frame,
making it possible to sample in dense aquatic
vegetation (Oertli et al., 2005b). Stamping,
splashing, sieving and hand searching were also
used for sampling these insects, and to maximize
the number of available individuals on each
sampling occasion. Each netted sample was tipped
and washed into a white tray. The specimens of
aquatic beetles (adults and larvae) and bugs
(adults and nymphs) were placed in 80% ethanol
plus 10% glycerine. By-catch was released back
into the water. In the laboratory, specimens were
sorted to species level, although sometimes it was
possible to identify only to genus or even family
level. Identification was based on Scholtz and Holm
(1985), Picker et al. (2002) and Reavell (2003),
Table 2. Site characteristics collected at each pond. Abbreviations and
units: Elev: elevation (meters above sea level), Area: m2, Perm:
permanence, Lenlot: flow regime, Ripveg: riparian vegetation.
Categorical data are explained in the ‘Methods’ section
Site Elev Area Perm Lenlot Ripveg
S1 265 47 125 2 3 3
S2 110 3 878 4 1 1
S3 110 6 495 4 1 1
S4 250 48 000 4 1 1
S5 235 50 000 4 1 2
S6 15 1 601 4 1 3
S7 130 6 400 3 1 1
S8 85 1 896 4 3 2
S9 85 1 132 4 2 2
S10 190 6 490 4 2 2
S11 150 58 338 2 2 2
S12 10 6 480 4 1 3
S13 15 20 500 2 1 1
S14 20 4 200 1 1 2
S15 30 20 537 2 1 1
S16 85 27 520 3 2 2
S17 104 20 300 2 3 2
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as well as the expert opinion of H. Geertsema,
P. Reavell and C. R. Turner. A voucher collection
was also made and retained at the Department of
Conservation Ecology and Entomology, Stellenbosch
University.
Statistical analyses
The software package PRIMER V6 (Clarke and
Warwick, 2001) was used for all statistical analyses.
Owing to current constraints in taxonomic
knowledge, only adult aquatic beetles and bugs were
analysed from the samples. Since site variables were
collected over eight sampling periods, they were
averaged in order to allow analysis of the entire
data set. Since pH is measured on a logarithmic
scale, pH was converted into [H+] before averaging,
and then converted back to pH after averaging
for each site. Before statistical analysis, all
environmental variables were visualized using a
correlation matrix. Non-normally distributed
variables were log-transformed. The environmental
variables were then normalized to allow comparison
at the same scale. Variables were not strongly
correlated (matrix value< 0.95) and therefore used
in subsequent analysis.
As with the abiotic variables, biotic data were also
averaged, representing the entire study period.
Species abundance data were square-root
transformed, to down-weight the contributions of
particularly abundant species in faunal
communities. Subsequent to transformation, a
Bray–Curtis similarity index was calculated to assess
the similarity between sites. Clarke and Warwick
(2001) recommend Bray–Curtis similarity in
ecological studies, as this is not affected by absences
and gives more weight to abundance in comparing
species. Similarity based on Euclidean distances was
also performed on treated (averaged, transformed,
and normalized) abiotic data.
After computation of similarity, a cluster
analysis was performed using the triangular matrix
generated through Bray–Curtis similarity. Cluster
analysis forms a natural grouping of data based
on similarity among separate samples, where
samples within a group are more similar than
samples from a different group. Clustering using
group averages was used to plot the cluster
dendrograms. A similarity profile (SIMPROF) test
was performed on the null hypothesis that a
specific sub-cluster can be recreated by permuting
the entry species or sites. Significant branches
(P< 0.05) were used to define site groups.
To compare the abiotic–biotic and biotic–biotic
relatedness of the data sets, the RELATE method
was employed using the similarity matrices
produced in the previous steps. The RELATE
function in PRIMER V6 allows a user to compare
two sets of multivariate data based on a matching
set of species or samples, by calculating a rank
correlation coefficient between all the elements of
their similarity matrices (Clarke and Warwick,
2001). The RELATE analysis was applied to
elucidate the relationship between the environmental
variables and the bug and beetle fauna overall, as
well as separately.
To assess the relative contribution of specific
environmental variables to community patterns, the
BIOENV method was used. This method selects
environmental variables or species best explaining
community patterns by maximizing the rank
correlation between their respective resemblance
matrices (Clarke and Warwick, 2001). The best
subset of variables determined by BIOENV was
subjected to a constrained type of cluster analysis
(LINKTREE) on the same set of faunal
resemblance. The dendrogram was constructed by
successive binary partitions of biotic community
samples. Each division was determined by a
threshold on one of the environmental variables that
maximized the between-group variance (i.e. the
largest Analysis of Similarity (ANOSIM) R statistic).
The test statistic R (usually between 0 and 1) is a
measurement of group separation. To avoid a Type
1 error, the ANOSIM pairwise comparisons
between cluster groups employed a conservative
significance level (alpha=1%). One-way analysis of
similarity was performed on the same Euclidean
distance matrix to test the null hypothesis that the
multivariate environmental data were not different
in the pre-defined cluster groups. The binary split
was continued until SIMPROF suggested that the
new branch was not significant (P≥ 0.05).
SIMPER analysis was used to identify species
responsible for observed dissimilarity between
grouped sites (Clarke and Warwick, 2001).
E. A. APINDA LEGNOUO ET AL.526
Copyright # 2013 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 24: 522–535 (2014)
RESULTS
Species richness, rarity and geographic distribution
In total, 17 814 individuals (14 953 aquatic bugs
(84%) and 2861 aquatic beetles (16%)) were
recorded. Twelve families (four beetle and eight bug
families), 37 genera (25 beetle and 12 bug genera),
and 57 species (40 beetle and 17 bug species) were
recorded (see the Appendix for complete species list,
geographic range, and abundances). Rare species in
this study were defined as those having a relative
abundance of six or less in the total data set. Rare
species were Dineutes punctatus, Cybister tripunctatus,
Hydrometra ambulator, Orectogyrus sp., Herophydrus
endroedyi and Hydaticus galla, Enochrus mendosus,
Spercheus cerisyi var. diminutus, and Canthyporus
navigator.
Of the species collected, 44% (n= 28) are known
only from the Cape region, with 36% (n= 23)
restricted to the Western Cape Province. The
remaining species are distributed in various parts
of Africa. Only four species are found throughout
Africa, and one, Anisops sardea, is found in Africa
and America. Laccocoris cf. salina has previously
been recorded only in the saline ponds of Tunisia
(P. Reavell, pers. comm.), and is a new record for
the Western Cape Province.
Community structures and relationships
Based on the significant differences between
branches, sites were assembled into five main
groups (Figure 2). Although distinctly different,
site S6 was placed into Group 3 otherwise this site
would have to be omitted from subsequent
analyses. The SIMPER analysis based on the
relative abundances between grouped sites showed
that overall there were high dissimilarities between
groups, ranging from 65.43% (Groups 4 and 5) to
81.54% (Groups 1 and 2, Table 4). Anisops sardea
was the top contributor to dissimilarity between
groups in most cases, followed by Sigara
meridionalis and Enithares sobria. Micronecta
scutellaris was most frequently the second highest
contributor to group dissimilarity. Only one
coleopteran species, Gyrinus vicinus, was, on
occasion, among the top three contributors to
group dissimilarity (Table 4).
One-way ANOSIM suggested that the
multivariate environmental data were significantly
different among cluster groups (Global R=0.24,
P <0.043), although pairwise tests were significant
on only two occasions. The RELATE analysis found
a significant relationship between environmental
variables and the structure of bug and beetle
communities in ponds (ρ=0.34, P< 0.001).
However, the environmental conditions recorded in
this study were more important to bug communities
(ρ=0.30, P< 0.007) than to beetle communities
(ρ=0.24, P< 0.018).
The BIOENV method suggested that in the best
subset of 10 subsets (Global R= 0.446, P< 0.005),
the following variables were most important
to structuring pond communities: elevation,
temperature, pH, pond size, and flow regime. For
bugs alone, the best subset (Global R= 0.453,
P< 0.001) included the same variables as for
ponds, except for elevation. For beetles, only three
variables were found to be most important in
explaining community structure (Global R= 0.393,
P< 0.008): elevation, pH, and flow regime.
The best subset of variables selected for the
BIOENV for ponds overall was used for the
LINKTREE analysis. Generally, the grouping in
the LINKTREE (Figure 3) corresponded with that
of the cluster analysis (Figure 2). The groups
Figure 2. Dendrogram representing the average group cluster analysis
based on square root transformed abundance data from a Bray–Curtis
similarity matrix. Solid black branches indicate significant faunal groups
where the similarity profile (SIMPROF) test suggests that community
structures are significantly different.
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defined from the cluster analysis are shown in the
grey text boxes and their corresponding pond sites
are highlighted in bold.
The first branch split (A) is based on
temperature, splitting S8 and S9 (≤ 16.41°C) from
the remaining sites (≥ 16.80°C). These sites match
the cluster Group 2. The second split (B) divides
the remaining sites based on pH: the more acidic
sites (pH≤ 7.33) which later split in C and the
more basic sites (pH≥ 7.61). The third split (C)
divides site S5 (≥ 50 000m2) from the other sites
based on pond size (≤ 48 000m2). Site 5 is also
part of cluster Group 2 (Figure 2). Sites S1, S2
and S3 are all in cluster Group 4. For the fourth
split (D), either the flow regime or temperature
could be chosen to define the split between
communities, which separates pond S18 (flow
regime≥ 3; ≤ 16.80°C) from the remaining sites
(flow regime≤ 2; ≥ 18.37°C). In the fifth split (E)
pond size is again important in defining differences
between communities, this time separating pond
S6 (≤ 1601m2), part of Group 3, from the
remaining sites (≥ 4200m2). Elevation was the
most important variable responsible for split six
(F), separating sites S10 and S11 (≥ 150m) from
the remaining sites (≤ 130m). The final split (G)
separates sites of Group 3 based on pH (S13
(pH≥ 9.15), from the remaining sites (pH≤ 8.54).
DISCUSSION
Importance of artificial ponds for aquatic beetles and
bugs in the Cape Floristic Region
Reservoirs (artificial ponds) are a common feature
of the Western Cape agricultural landscape, being
mostly used for irrigation. Although natural rather
than artificial habitats are generally considered to
be the most species-rich, artificial ponds can
nevertheless also have high species richness. For
example, in a study on the succession of
macrofauna of newly constructed ponds, Fairchild
et al. (2000) found that the first colonizers were
large predatory beetles, and that species richness
was comparable with that of older ponds, but that
taxa dependent on particular plant species arrived
later. Artificial ponds in open landscapes thus
provide a structurally complex environment, at
least for beetles (Biggs et al., 2004). Vegetated
ponds may also attract specialist species, which
may only arrive several years after the first
colonizers (Ruhí et al., 2009). The study here
illustrates that artificial ponds in the Cape Floristic
Region (CFR) are indeed as rich in aquatic beetle
and bug species as elsewhere (Della Bella et al.,
2005). Compared with the study by Mlambo et al.
(2011) on temporary ponds in the Cape, the
artificial, mostly permanent ponds studied here
Table 4. Total dissimilarity (D%) and percentage contribution of the three most important taxa (C%) to the dissimilarity between any combination of
the five sample groups, based on SIMPER analysis. Species: Anisops sardea, Gyrinus vicinus, Enithares sobria, Micronecta scutellaris, Nychia limpida,
Sigara meridionalis, Sigara pectoralis
Group
1 2 3 4
Species/D% C% Species/D% C% Species/D% C% Species/D% C%




3 M. scutellaris 12. A. sardea 19.2
S. meridionalis 10.6 S. meridionalis 7.19
S. pectoralis 9.36 N. limpida 6.92
D% 81.5 D% 69.9
4 E. sobria 15.2 A. sardea 31.8 S. meridionalis 11.6
M. scutellaris 11.9 N. limpida 9.06 M. scutellaris 10.7
S. pectoralis 5.4 G. vicinus 6.67 A. sardea 10.6
D% 70 D% 79.7 D% 70.7
5 E. sobria 13 A. sardea 28.8 S. meridionalis 12.5 A. sardea 17.7
A. sardea 11.9 N. limpida 9.73 M. scutellaris 11.6 M. scutellaris 7.39
M. scutellaris 8.1 G. vicinus 7.85 S. pectoralis 9.0 G. vicinus 6.55
D% 71.2 D% 67.3 D% 66.5 D% 65.4
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provided habitat for more families and genera of
bugs. In addition, Naucoridae and Nepidae were
recorded, not present in the temporary ponds.
Although a greater number of beetle species were
found in temporary ponds, they were not strongly
represented throughout the study area (i.e. only
recorded at single locations). Considering these
low frequencies, the beetle assemblages recorded
from the permanent ponds were richer in the
number of species present. These findings are
supported by Silver et al. (2012) and Collinson
et al. (1995) who found that taxa in permanent
ponds are more diverse, and also more abundant,
than those of temporary ponds. In this study, the
permanent ponds were also habitats for many
national endemic species. A total of 23 of the
64 species recorded appear to be Western Cape
endemics, while the current state of knowledge
precludes this as a conclusive finding, it does
nevertheless emphasize that these ponds are
playing an important role in increasing the area of
occupancy for some range-restricted species.
Furthermore, only 13 of the 64 species collected in
the artificial ponds are also found in temporary
ponds of the Western Cape (Mlambo et al., 2011),
indicating that artificial ponds host a unique
fauna. This is especially so as free-standing ponds
(i.e. excluding deposition pools of streams and
rivers) were non-existent within the sampled area.
However, local deposition pools supported 15 bug
and beetle species, of which 12 were also sampled
in the ponds here (Apinda-Legnouo, 2007).
Significant environmental variables
The structuring of the aquatic beetle and bug
species composition of the various ponds depended
primarily on elevation, pH, pond size and the flow
regime of the ponds. Bug communities were not
dependent on elevation, but on pH, pond size, and
flow regime. Beetles were dependent on elevation,
pH and the flow regime. The importance of these
environmental variables is also reflected in the site
groupings based on LINKTREE analysis, the only
exception being the first split of the cooler Group
1 from the remainder of the sampling sites. The
ponds in Group 1 are small (c. 1000m2) and
connected to a river. The temperature regime of a
pond is a function of seasonal and diurnal ambient
air temperature and the morphometry and setting
of the pond. Biologically, one of the most
important effects of temperature is the decrease in
oxygen solubility as the temperature increases. As
a result, the increase in temperature can also
increase the oxygen demand of biological
organisms such as the larval stages of aquatic
beetles and bugs.
It is interesting that in none of the analyses,
conductivity, dissolved oxygen, riparian vegetation
cover or permanency were found to be important
in structuring beetle or bug communities,
suggesting that these variables did not affect
overall community structure. Often a result of
urbanization, agriculture, and land clearing,
increased conductivity is known to decrease
species richness in ponds (Hinden et al., 2005).
Figure 3. Linkage tree analysis showing binary clustering of sites based on
species composition and constrained by the threshold of elevation, flow
regime, temperature, pH or pond size. The ponds matched to the groups
defined from the cluster analysis are (grey text box) and the matching
pond sites are highlighted in bold. Branch divisions are based on a
similarity profile (SIMPROF) test. Each division (A, B, C …) is
followed by an ANOSIM R value, Bray–Curtis similarity (B%), and the
environmental variable responsible for the branch split. The first
inequality defines the branch to the left and the second inequality, in
brackets, indicates the branch to the right. Statistical results of each
division are as follows. A: R= 0.55, B%= 80, temperature<1.52
(> 1.29). B: R= 40, B%= 61, ph> 0.11 (< 0.23). C: R= 0.76; B
%= 90, pond size <1.24 (>1.27). D: R= 0.61, B%= 55, flow regime
<0.54 (>1.51) or temperature>0.34 (< 1.29). E: R= 0.75, B
%= 54, pond size<1.49 (> 0.71). F: R= 0.79, B%= 33, elevation
<0.50 (>0.64). G: R= 0.48; B%= 15; pH <1.15 (>1.77).
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Nutrient concentrations should be higher and
dissolved oxygen lower in less permanent ponds
than in more permanent ponds. However,
community structure was not affected by any such
difference (Fairchild et al., 2003). The tolerance
for various conditions in conductivity and
dissolved oxygen could also explain why
communities did not respond to differences in
permanency. Shade (percentage cover from
riparian vegetation) also did not affect
communities. This is in contrast to dragonflies,
which are highly sensitive to shading (Samways
et al., 2011).
Artificial ponds as a means of increasing the area
of occupancy
Area of occupancy (AOO) is the area within the
‘extent of occurrence’ that is occupied by a taxon,
excluding cases of vagrancy (IUCN, 2006). As in
the case of dragonflies (Samways, 1989), artificial
ponds increase the AOO of aquatic beetles and
bugs. This increase is particularly significant in the
Cape Floristic Region, where few permanent
ponds occur naturally. The results here suggest
that these ponds alter the landscape mosaic
significantly in terms of the local distribution of
aquatic insects, many of which may otherwise be
naturally rare or even absent in the local area.
However, this must be seen against the
background that before modern agriculture, these
areas may well have been small wetlands with
their own assemblages which are likely to have
changed substantially over the years. Furthermore,
as the abundance of many of the species was
high, the artificial ponds must also play a key role
in structuring biological communities and, to
some extent, moderating fluxes of energy and
nutrients.
Overall, the results show that these ponds are
conservation islands within the agricultural
landscape. For aquatic beetles and bugs, these
ponds are also important for many endemic
species, unlike the situation with dragonflies,
where artificial ponds really only benefit
widespread and common habitat generalists
(Osborn and Samways, 1996; Suh and Samways,
2006; Samways, 2007a).
Conservation management
This study has significant conservation
implications. First, the high number of aquatic
beetles and bugs recorded here, and their
responsiveness to habitat change, suggests
potential for using them as bioindicators of human
disturbance in artificial ponds, which supports
Bilton et al. (2006) and Sánchez-Fernández et al.
(2006). Second, these ponds are important local
conservation areas for freshwater aquatic beetles
and bugs, as a result of provision of a permanent
habitat that otherwise would be scarce. Although
several studies have highlighted the conservation
value of reservoirs for other animals (Severo et al.,
2002; Hanowski et al., 2006), research on a wider
range of taxonomic groups inhabiting reservoirs is
needed to determine their role as complementary
reserves (Clements et al., 2006; Bilton et al., 2008;
Sánchez-Fernández et al., 2008). However, this
needs to be set in the context of an already
transformed landscape with loss of local wetlands;
restoring such wetlands, where possible, should be
considered in the future. Third, small freshwater
habitats, such as these ponds, although artificial,
should have some conservation priority, as
collectively they are significant reserve locations
for certain aquatic beetles and bugs, as well as
possibly for other biota. At present, there is no
mechanism in place to help conserve these ponds,
despite their potential to increase regional beetle
and bug diversity. Indeed, many small, well
connected ponds support a much greater diversity
than single large ponds (Martínez-Sanz et al., 2012).
Fourth, in situ management could be used to
improve local ponds as conservation areas. For
example, maintaining macrophyte species and
complexity would encourage high diversity of
aquatic beetle and bug species (Biggs et al., 2005).
There is merit, therefore, in limiting access by too
many domestic animals and to check invasion by
alien trees, both of which have been shown
elsewhere in South Africa to impoverish the aquatic
insect fauna (Samways, 2007b; Samways et al.,
2011). Similarly, regulation of agricultural runoff
would also probably improve conditions for the
same aquatic insects. Fifth, as temporary wetlands
were once abundant in the Cape and to this day
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support unique taxa not found elsewhere (Wissinger,
1999; Williams, 2006; Mlambo et al., 2011) the
authors recommend managing some of the
permanent artificial reservoirs to mimic shallow,
well-vegetated temporary ponds, encouraging the
return of taxa not found in permanent ponds.
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APPENDIX
List of beetle and bug species recorded in this study as well as geographic range and total abundances over the
entire study period. Key: ?=refers to species for which author name and year were not found; ??= refers to
species for which the range is uncertain; WCP = recorded only in the Western Cape Province; Cape =
recorded in the Cape provinces; sthrn & W Africa= species recorded in southern and west Africa; sthrn & E
Africa= recorded in southern and east Africa; sthrn, C & W Africa = recorded in southern Africa, central and
west Africa; Africa-wide = species widespread throughout Africa; Africa and America = species recorded in
Africa and America












Aulonogyrus alternatus Régimbart, 1892 WCP 119
Genus: GYRINUS









Rhantus capensis (Aubé, 1838) sthrn & E Africa 2








Cybister tripunctatus (Olivier, 1795) africanus Laporte de Castelnau, 1834 Africa-wide 1
Tribe: HYDATICINI




Bidessus mundulus Omer-Cooper,1965 36
Genus: GUIGNOTUS
Guignotus lineolatus Boheman, 1848 sthrn & W Africa 79
Guignotus sp. indet. ?? 17
Genus: YOLA
Yola sp. indet. 1
Tribe: HYDROPORINI
Genus: CANTHYPORUS
Canthyporus hottentotus (Gemminger & Harold, 1868) Cape 144
Canthyporus navigator Guignot, 1951 Cape 2
Canthyporus sp. indet. ?? 44
Tribe: HYGROTINI
Genus: HEROPHYDRUS
Herophydrus inquinatus (Boheman, 1848) sthrn & E Africa 392
(Continues)
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Table 1. (Continued)
Scientific name Range Abundance
Herophydrus obscurus Sharp, 1882 WCP 74
Herophydrus endroedyi Biström and Nilsson, 2002 WCP 1
Tribe: HYDROVATINI
Genus: HYDROVATUS
Hydrovatus sp. 1 indet. 53
Hydrovatus sp. 2 indet. 21
Tribe: HYPHYDRINI
Genus: HYDROPEPLUS
Hydropeplus trimaculatus (Laporte, 1835) WCP 51
Genus: HYPHYDRUS
Hyphydrus soni Bist röm, 1982 Cape 149
Hyphydrus sp. indet. ?? 5
Genus: PRIMOSPES




Laccophilus cyclopis Sharp, 1882 sthrn, C & W Africa 311
Laccophilus lineatus Aubé, 1838 sthrn, C & W Africa 38






Hydrochus lucidus Balfour-Browne 1954 WCP 14
Hydrochus sp. indet. ?? 11
Subfamily: SPERCHEINAE
Genus: SPERCHEUS




Berosus furcatus Boheman, 1851 WCP 38
Berosus sp. indet. ?? 26
Tribe: ANACAENINI
Genus: PARACYMUS
Paracymus amplus Woolridge, 1977 WCP 300




Helochares sp. indet. ?? 60
Genus: ENOCHRUS
Enochrus mendosus Gyllenhal, 1845 WCP 5
Enochrus sp. indet. ?? 102
Subtribe: HYDROBIINA
Genus: LIMNOXENUS
Limnoxenus sjostedti Knisch, 1924 WCP 21
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Table 1. (Continued)
Scientific name Range Abundance
Ochthebius pedalis Balfour-Browne, 1954 WCP 7
Ochthebius salinarius Balfour-Browne, 1954 WCP 10





Gerris swakopensis (Stål, 1858) sthrn & E Africa 391
Genus: LIMNOGONUS
Limnogonus capensis (Gerstäcker, 1873) WCP 26
Family: VELIIDAE
Genus: RHAGOVELIA
Rhagovelia nigricans ? WCP 180
Genus: MICROVELIA









Laccotrephes fabricii (Stål, 1868) Africa-wide 1
Genus: RANATRA
Ranatra dispar longicollis Montandon, 1903 sthrn Africa 16
Family: BELOSTOMATIDAE
Genus: APPASUS




Laccocoris limigenus Stål, 1865 Africa-wide 981




Anisops sardeus Herrich-Shaeffer, 1849 Africa & America 5326
Anisops varia Fieber, 1851 sthrn & W Africa 411
Genus: ENITHARES
Enithares sobria (Stål, 1855) sthrn, C & W Africa 192
Genus: NYCHIA
Nychia limpida Stål, 1860 WCP 357
Genus: NOTONECTA




Sigara meridionalis (Wallengren, 1875) sthrn & W Africa 1719
Sigara pectoralis (Fieber, 1851) Africa-wide 1594
Sigara wahlbergi Lundblad, 1928 sthrn, C & W Africa 267
Genus: MICRONECTA
Micronecta piccanin Hutchinson, 1929 WCP 103
Micronecta scutellaris (Stål, 1858) sthrn & E Africa 3113
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